Objective: To investigate serum concentrations and the prevalence of inadequate folate intake and also vitamin B6 and vitamin B12 intakes and to identify those foods that make a major contribution to intake levels of these nutrients.
Introduction
Much attention has been paid to the B vitamins because of their role as nutrients that are key for the maintenance of good health and prevention of diseases. 1 Folate and the vitamins that are metabolically related to it, including B6 and B12, have been linked to protection against certain types of cancer and to reductions in the concentration of homocysteine in the blood. 2 Elevated levels of homocysteine, in turn, are considered a risk factor for adverse events such as dementia, Alzheimer's disease, bone fractures, cancers and, especially cardiovascular diseases. 3 Furthermore, epidemiological studies have indicated that 75% of neural tube defects could have been prevented by increasing folate intake. 4 Because of this, countries such as the United States, Canada and Chile have adopted public policies by which folate fortification of certain foods is mandatory, motivated by the reductions in neural tube defects. Other countries, such as the United Kingdom, Ireland, Portugal, Spain, Austria, Australia and New Zealand, have chosen voluntary fortification of foods. 5 After the introduction of mandatory fortification the United States, the observed prevalence of inadequate intake among population was 15.7%. 6 One study of adolescents in Brazil, carried out before fortification was made mandatory in that country, found a high prevalence of inadequate folate intake; approximately 89% of the population. 7 Furthermore, other research in Brazil has also detected nutritional imbalances among adolescents.
A study using a probabilistic sample from the city of Rio de Janeiro (RJ) found that intake of the following food groups was below the minimum recommended: rice and starchy foods, beans and pulses, vegetable and milk and dairy products. 8 Additionally, other studies of groups of Brazilian adolescents have also indicated unhealthy nutrition [9] [10] [11] ; in particular under-consumption of fruit and vegetables, which can cause low folate intake.
In Brazil, both the under-consumption and the dietary sources of this vitamin may have changed since fortification of corn and wheat flour was made obligatory in 2004. 12 The objectives of this study are as follows: to report serum concentrations of these nutrients; to describe the prevalence of inadequate folate intake and also of inadequate vitamin B6 and vitamin B12 intakes, since they are interrelated in the homocysteine metabolic pathway; and to identify those foods that make a major contribution to intake levels of these nutrients.
Methods
The study population consisted of adolescents of both sexes who were aged 16 to 19 in 2006 and were enrolled at the Fundação Indaiatubana de Educação e Cultura (FIEC) in the city of Indaiatuba, SP, Brazil. All of the data analyzed in this paper come from the study, "Vitamin D status in obese and healthy weight adolescents." 13 A total of 330 students met the inclusion criteria (free from chronic diseases such as diabetes mellitus, arterial hypertension, chronic renal failure and heart failure; not taking corticosteroids or antiinflammatories; not pregnant or breastfeeding at the time of data collection). Of these, 205 of agreed to take part in the study and provided a free and informed consent form signed by their guardians, 163 completed the dietary recall protocol and 132 provided blood samples. There was not enough serum for analysis in 33 cases and so the final sample comprised 99 adolescents.
Dietary intake was measured using food diaries kept for 3 non-consecutive days. Foods and preparations listed in the diaries were converted into grams using specific tables and manuals. These food intakes were then converted into energy and nutrient intakes using the software program The prevalence rates of inadequate intake levels among the adolescents were estimated for each nutrient using the estimated average requirement (EAR) as cutoff points after weighting for population size and are defined as the proportion of individuals whose intake is below the EAR defined for each nutrient. The equivalent procedure was adopted to define the proportion whose intakes exceeded the tolerable upper intake level (UL) for each nutrient. 15 The method of residuals was used to adjust the dietary intake levels for each nutrient by energy intake. Methodology that has been described by Block et al. 16 was used to calculate the contribution to nutrient intakes made by each food. The foods were then put in descending order of the quantity of each nutrient contained in 100 g and in a portion, based on the mean quantity (in grams) eaten by the study population.
Normality was verified using the skewness-kurtosis test. Data that you did not exhibit normal distribution were natural log transformed. Dietary vitamin intake data were described as geometric means, 95% confidence interval 
Results
The study sample comprised 99 adolescents, 58.6% of whom were female. (Tables 3 and 4) . Although these foods were the principal sources of these vitamins in this population, the majority of them were not high on the ranking when classified according to the quantity of each vitamin in 100 g or in the average portion. First place in the 100 g ranking for both folate and B6 was taken by breakfast cereal, and first place for B12 was taken by beef liver. However, these foods contributed less than 1% of each nutrient, with the exception of liver, which contributed 5.3% (data not shown in these tables).
Discussion
This is the first study to be conducted in Brazil estimating the prevalence of inadequate folate, vitamin B6 and vitamin B12 intakes whilst at the same time providing data on serum concentrations and describing which foods make a major contribution to intakes of these vitamins in a sample was 37 nmol/L in a population aged 13 to 20. 18 The elevated serum concentrations of vitamins observed in this and other studies, 17, 19, 20 are possibly the result of fortification of foods. This hypothesis is supported by the elevated proportion of synthetic folate in the groups' total folate intake. Even so, there are still individuals within the population with reduced serum levels, which is of relevance if we consider the association between low serum concentrations of these vitamins and elevated plasma homocysteine in adolescents. 21 Verly Júnior 22 conducted a study in Brazil using the same method as described here (using the EAR as cutoff) of inadequate intake. 6 The majority of these results are compatible with those found in our study, with the exception of mean folate intake among the boys, which was lower in the present study (512.2 µg).
In the only Brazilian study that was conducted before fortification, mean intake in DFE was 145 (SD 177) µg and there was an inadequate intake rate of 89%. 7 This difference is the result of the fact that our study was conducted after Despite the apparent success of mandatory fortification of foods with folate, the scientific community is not unanimous in its approval of policies on fortification and * Percentage of each nutrient contributed by each food type as a proportion of the total quantity of that nutrient consumed by the study population. † Calculated from the mean quantity (in grams) consumed by the study population. ‡ Quantity of nutrient in question in a single portion of the food in question. § Position after classification in descending order of the quantity of the nutrient in question in a single portion. || Quantity of the nutrient in question in 100 g of the food in question. ¶ Position after classification in descending order of the quantity of the nutrient in question in 100 g. ** Given as dietary folate equivalents (DFE). 1 DFE = 1 µg natural folate = 0.6 µg of the synthetic folate added to fortified foods and used in dietary supplements.
† † Food items that contribute less than 1% of total intake of nutrient in question. ‡ ‡ Mean for food items that contribute less than 1% of total intake of nutrient in question.
supplements, since there are still discussions within the scientific literature. 24 Some researchers criticize the need to expose the whole population to high doses of the vitamin and point out that overexposure to this micronutrient may be associated with adverse effects, including increased incidence of colorectal cancer 25 and masking of vitamin B12 deficiency anemia. 26 In the present study, however, none of the subjects had an intake of any of the vitamins that was over its UL.
Observing the position of each food when ranked in order of the quantity of each vitamin contained in 100 g, it will
be noted that the foods that make a major contribution to folate and vitamin B6, in particular, were not those foods that contained major quantities in 100 g -the known dietary sources -reinforcing the hypotheses that it is necessary to investigate which foods are part of the population's diet, including those foods that contribute nutrients after fortification. This study has shown the relevant contribution of foods in which wheat flour is one of the basic ingredients, such as bread, pasta and biscuits.
Brazilian surveys that have analyzed developments the range of foods available in Brazilian households have reported a tendency towards increased consumption of meat, milk and dairy products and processed foods. In contrast, they have also observed a reduction in consumption of cereals, pulses and fruit and vegetables, which corroborates our results if one considers that these make an important contribution to intakes of the nutrients in question. 27 It should also be pointed out that no other study conducted in recent years has attempted to determine which foods * Percentage of each nutrient contributed by each food type as a proportion of the total quantity of that nutrient consumed by the study population. † Calculated from the mean quantity (in grams) consumed by the study population. ‡ Quantity of nutrient in question in a single portion of the food in question. § Position after classification in descending order of the quantity of the nutrient in question in a single portion. || Quantity of the nutrient in question in 100 g of the food in question. ¶ Position after classification in descending order of the quantity of the nutrient in question in 100 g. ** Food items that contribute less than 1% of total intake of nutrient in question.
† † Mean for food items that contribute less than 1% of total intake of nutrient in question.
are the major contributors of vitamin B12. One study investigating the young people in Korea showed that pork and rice were the primary sources of vitamin B6. 28 With regard to folate, orange juice, bread, biscuits, beans and green vegetables were the principal sources for intake of this vitamin in the United States at the end of the 1970s, in the pre-fortification era. 29 After mandatory fortification it was observed that bread and biscuits were the primary sources. 30 In Brazil little is known about the dietary sources after introduction of fortification of flour with folic acid, and this is one contribution made by the present study. is rare in adolescence, increasing in prevalence as age increases and making a significant contribution to vitamin intake among adults and the elderly. 21 Furthermore, this
is not a representative sample of the adolescents from Indaiatuba, and as such does not allow for generalizations or inferences to be extrapolated to other populations of adolescents in the same city or in other locations, which, in turn, underscores the need for further studies which can corroborate these findings. Notwithstanding, this study has shown a significant change in the scenario of the rate of inadequate intake and the serum concentrations of these vitamins, especially folate.
This study has provided information on the prevalence rates of inadequate intake and serum concentrations of folate, vitamin B6 and vitamin B12 among adolescents. The prevalence rates of inadequate intake were low, possibly as a result of improvements in access to and availability of foods that are dietary sources of these vitamins, including of processed foods whose ingredients include flours fortified with folic acid. Of note is the fact that beans, which are a part of the traditional Brazilian diet, remain one of the primary food items that contribute to folate intake, even after mandatory fortification with the vitamin in this country.
